Casuarina equisetifolia is an important tree species in tropical/subtropical zones of Asia, the Pacific and Africa. In this study, 220 individuals from seven native provenances and eleven introduced provenances of C. equisetifolia were analyzed to assess the genetic variation and structure using amplified fragment length polymorphism (AFLP) markers. A total of 465 bands were obtained by eight primer pairs, among which 153 were polymorphic. The mean NEI's gene diversity H = 0.2113 calculated for 18 provenances and the total gene diversity H T = 0.4065 calculated for native provenances suggested abundant variation within provenances and species. High genetic divergence coefficient (G ST = 0.4737) and low gene flow (N m = 0.5555) detected among native provenances suggesting high differentiation of C. equisetifolia. An AMOVA analysis for native provenances revealed a high proportion (46.07 %) of the total genetic variation distributed among provenances. The UPGMA clustering (r = 0.8028) and the Mantel test (r = 0.0716) for native provenances showed there was no correlation among genetic relationships and geographical distribution. The genetic information provided important implications for the future conservation and breeding programs of C. equisetifolia.
Introduction
Casuarina equisetifolia (L. Johnson) has two subspecies: subsp. incana and subsp. equisetifolia (MIDGLEY et al., 1983; WILSON et al., 1989) . The former occurs exclusively along the coast of Queensland and northern New South Wales of Australia and in Vanuatu. The latter has a wide native range, occurs on tropical and subtropical zones of Asia, the Pacific and Africa from throughout Malaysia to northern Australia, Melanesia, and Polynesia ( Figure 1) . As a fast-growing and nitrogen fixing tree of social, economic and environmental importance, it is commonly used in agroforestry systems, for soil stabilization, reclamation work, in coastal protection and rehabilitation. Though a littoral species in natural habitats it is well adapted to inland area, and has been introduced into southern China, India, East and West Africa, the United States of America, the
Genetic Variation and Structure of native and introduced
Casuarina equisetifolia (L. Johnson) Provenances Caribbean, Vietnam, and some Middle East countries for more than a century. The provenances of C. equisetifolia exhibit significant of variation for growth characteristics, and grow on a variety of sites with very different annual precipitation and climatic conditions. Marked variation in growth and branching habit between different provenances, as well as individual trees within provenances, has been observed (PINYO-PUSARERK and HOUSE, 1993; PINYOPUSARERK and WILLIAMS, 2000) . However very little information is correctly available on the genetic variation of this species based on molecular technique despite its ecological and economic importance.
Information on the magnitude and structure of genetic variation within a species is an integral part of conservation and improvement of genetic resources. Amplified fragment length polymorphism (AFLP), which can be used to analyze large numbers of loci distributed throughout the genome, have proven a powerful tool in the assessment of genetic variation both within and among plant provenances without detailed prior knowledge of DNA sequences (VOS et al., 1995; BROWN et al., 1990; JONES et al., 1998) . AFLP markers have been successfully used for analyzing genetic variation and genetic structure (BARRETT et al., 1998; JANSSEN et al., 1996; XUE et al., 2005; STEFENON et al., 2006) .
The main goal in this study is to survey the levels and patterns of genetic variation of the provenances of C. equisetifolia using AFLP markers, and the genetic differentiation and genetic relationships among provenances were analyzed at the same time. Furthermore, we can compare the genetic diversity among native and introduced provenances. This work will provide valuable information for further genetic conservation and breeding program in C. equisetifolia.
Materials and Methods

Plant materials and DNA extraction
A total of 220 plants belong to 18 provenances were collected from an international provenance trial garden of C. equisetifolia subsp. equisetifolia established at Zhangzhou in Fujian province of China. Some introduced provenances were included in the samples because we want to know the variation and the genetic information are needed for future management of these provenances since they have been identified as potential useful provenances in the south of China (ZHONG et al., 2001) . The provenances in the introduced range are the result of provenance trail plantations. The geographic and ecological parameters of provenances are shown in Figure 1 and Table 1 . Genomic DNA of each trees were extracted from fresh branchlets using a modified CTAB extraction (DOYLE, 1991) . DNA concentrations were estimated and standardised against known concentrations of lambda DNA on 1% agarose gels.
AFLP analysis
AFLP analysis was carried out by the method of VOS et al. (1995) with some modifications. Approximately 300 ng of total genomic DNA per samples were digested with EcoRI and MseI and then ligated with EcoRI adaptor and MseI adaptor. Including 64 primer combinations with three selective bases were screened in a preliminary test, eight primer ( Table 2 ) combinations found to give good amplifications were selected for further study. Pre-amplifications were performed in a total volume of 20 µl containing 2 µl of ligation mixture, running on GeneAmp PCR 9700 using the following temperature conditions: denaturation at 94°C for 3 min, 30 cycles of denaturation at 94°C for 30 s, followed by annealing at 56°C for 30 s, ending with extension at 72°C for 60 s, a final step at 72°C for 5 min. Selective amplifications were performed in a 20 µl volume containing 4 µl of preamplification products (diluted 50 times in TE). Amplifications were performed using the following temperature conditions: one cycle of denaturation at 94°C for 30 s, followed by annealing at 65°C for 30 s, ending with extension at 72°C for 60 s, followed by 12 cycles under the conditions listed above, except for a 0.7°C lower annealing temperature for each cycle, and finally 30 cycles of 94°C for 30 s, 56°C for 30 s, 72°C for 60 s. Following the selective amplification, the reaction products were mixed with an equal volume of loading buffer (98% formamide, 10 mM EDTA, 0.1% xylene cyanol, and 0.1% Table 1 . -The information of 18 provenances of Casuarina equisetifolia ssp. equisetifolia investigated for AFLP variation. bromophenol blue). The mixtures were denatured for 5 min at 94°C then directly placed on ice. About 6 µl of the mixtures were run in 6 % (v/v) polyacrylamide gels with a DNA sequencer. The gels were silver stained using the protocol published by STREIFF et al. (1998) .
Genetic analysis
Each AFLP band of unambiguous pattern was given a score of 1 for presence or 0 for absence across all the polymorphic loci to create a binary matrix. POPGENE, version 1.31 (YEH et al., 1999 ) was used to calculate genetic parameters within the 18 sampled provenances, including the number of polymorphic loci (NP), percentage of polymorphic loci (P), observed number of alleles per locus (N a ), effective number of alleles per locus (N e ), gene diversity (H) (NEI, 1973), Shannon's information index (I) (LEWONTIN, 1972) . The total gene diversity (H T ) within species and within provenances (H S ), differentiation coefficient (G ST ) and gene flow (N m ) were calculated only for native provenances assuming Hardy-Weinberg equilibrium. The unbiased measure of genetic identity (GID) and genetic distance (GD) among native provenances was calculated using NEI's (1978) , and the genetic distance matrix was used to construct dendrogram using unweighted pair group method (UPGMA) of SHAN in NTSYS software (ROHLF, 1994) . In addition, a Mantel test among genetic distances and geographic distances among native provenances was carried out by TFPGA 1.3 (MANTEL, 1967) . The binary matrix of native provenances was used to generated a distance matrix with the AMOVA-PREP version 1.01 (MILLER, 1998) and the resulting distance matrix was subjected to an analysis of molecular variance (AMOVA) using WINAMOVA version 1.55 (STEWART and EXCOFFIER, 1996) . The hierarchical analysis of the genetic variation partitioned among regions, as well as among provenances within regions was not carried out for some regions only have one or two provenances.
Results
Genetic variation within native and introduced provenances
The amplified results by each primer pair were shown in Table 2 . Eight primer pairs revealed a total of 465 DNA fragments ranging from 40 bp to 820 bp, among which 153 (32.90 %) of these bands were polymorphic loci either among or within provenances. Primer pairs were significantly different in their capacity to detect polymorphisms.
The genetic parameters for each of 18 C. equisetifolia provenances summarized in Table 3 indicated a tenden- Table 2 . -Number of fragments, number of polymorphic fragments, percentage of polymorphic fragments, and size of fragments for each primer pair used for AFLP analysis on Casuarina equisetifolia. (Table 4) , both were highly significant (p < 0.0002).
Relationships among native provenances
Genetic identity and genetic distances for each pair of native provenances were calculated and shown in Table 5 . The genetic distances ranged from 0.2038 (between provenance 3 and provenance 5) to 0.4146 (between provenance 1 and provenance 2). The UPGMA cluster analysis based on NEI's (1978) unbiased genetic distances was performed to further show the genetic relationships among provenances (Figure 2) . The cophenetic correlation coefficient of this cluster analysis was r = 0.8028 (p = 0.9994). Four groupings could be recognized from the dendrogram: the first group consisted of provenances 1 and 7 while the second group comprised provenance 3, 5 and 6. The provenance 4 and provenance 2 were segregated in third group and fourth group, respectively. A Mantel test with 1000 random permutations revealed no correlation between pair-wise genetic distances and geographical distances among provenances (correlation coefficient of r = 0.0716, p = 0.05).
Discussion
This study revealed that there was a large amount of genetic variation at provenance level and at species level of C. equisetifolia except the local Dongshan, Fujian provenance had extraordinarily low level variation. The mean gene diversity (0.2113) was higher than HO (2002) result of 12 C. equisetifolia provenances (0.1473) assessed by RAPD, this may be account by the different provenances used in the two studies and the more gene loci can be detected by AFLP markers. The average Shannon's information index (0.3109) and the total gene diversity (0.4065) were also higher than many other plants such as Picea asperata (0.227 and 0.237, respectively, XUE et al., 2005) based on AFLP.
The present result showed genetic variation among provenances (46.07 %) was a little higher than HO (39.28 %, 2002) result of 12 C. equisetifolia provenances based on RAPD markers, however, the same tendency of high proportion of total variation among provenances Table 4 . -Analysis of molecular variance (AMOVA) for seven natural provenances of Casuarina equisetifolia. d.f., Degrees of freedom; SSD, Sum of squares; MSD, Mean squared deviation; % Total variance, the percentage of the total variance. has been tested by the two different makers. Such results are in contrast with expectations for woody, perennial, predominantly outcrossed species, which maintain most variations within provenances (HAMRICK, 1990) . However, this may be due to the low sample size in the study. High variation among provenances was also found in another tropical tree Tectona grandis (43 %, SHRESTHA et al., 2005) CARDOSO et al., 2000) based on AFLP. The presence of such a high genetic variation among provenances could be attributed to the features of the wide distribution range of this species and the habitats where the sampled provenances occur. Its wide distribution is scattered through many islands, and therefore geographical isolation may occur. High degree of differentiation (0.4737) among provenances suggests that they have probably undergone random changes in genetic composition in response to prevalent environment conditions with limited gene flow (0.5555) between provenances. According to WRIGHT (1969) , the critical value for N m is 0.5. When N m value is below 1, it means that provenances began to differentiate due to genetic drift. N m value below 0.5 indicates that populations will diverge extensively as a result of drift (MCDERMOTT and MCDONALD, 1993) . Overall, the calculated gene flow (N m ) indicates that the provenances were in the process of differentiation due to genetic drift.
It is interesting to find out that Balukhanda, Orissa introduced provenance was highest in genetic variation, reflecting the important implications on the introductions into this site. Multiple seed sources could have been collected to establish this plantation. Similarly, presumption that introduced provenances may have been derived from multiple seed sources can be seen from the higher variation (two Orissa provenance in India, two Sri Lanka provenances) than some native provenances. Although some of the introduced provenances existed abundant variation and could be used in the planting programs and breeding programs, the really problem is that there were no records of the origins of the seed which was first introduced to these places. Sampling of provenances in the native range must be much denser than presently undertaken with high resolution markers (such as AFLP markers) are likely to yield better results over the identities of the originating native provenances. In addition, chloroplast DNA pattern across the native range of the species might also enable increased resolution among the introduced provenances.
In general, if native provenances originated from the same hypothetical ancestors and underwent stable evolution, geographically close provenances should show the closest genetic relationships. However, the present result showed there was no distinct pattern of genetic distances correlated with geographic distances. This was consistent with YANG (1995) result that the variation of seed weight and seedling growth among provenances of C. equisetifolia was not continuous. However, the limited number of native provenances in this study may be another factor on the discordance. Introduced provenances were not included in the analysis for these provenances were only one or two generations removed from their wild provenances and were not in HardyWeinberg equilibrium. In fact, many of the clusters in the dendrogram had very low relation values (XUE et al., 2005; EREN KANDEDMIR et al., 2004; LI and XIA, 2005; HONG et al., 2004; ZENG et al., 2003) , suggesting that the clusters could be refined if more provenances and markers are included in future studies.
This work provides a deep insight into the genetic variation and genetic structure of C. equisetifolia, and supplies fundamental genetic information for conservation and breeding program of this species. Conservation programs dealing with native provenances of C. equisetifolia must take into account that most of the variation was distributed within provenance (53.93 %). Conservations of more family within a provenance could get important variation. Low intensity phenotypic selections within provenances are appropriate strategy to exploit the intra-provenance variation, offering a potential for selection of genetic material for tree improvement programs. On the other hand, high proportion of the total variation (46.07 %) and extensive genetic differentiation (0.4737) among provenances suggesting each provenance should be included in the conservation program because they possess partially unique genetic characteristics. In such a situation loss any provenance could result in an important loss of variation of the species. Preservation plots earmarked within natural forests can be considered as in situ conservation stands. They can be expected to retain much of the original variation as a result of better protection than other areas. Some introduced provenances (Balukhanda, Orissa in India and Hambantota in Sri Lanka) can also be considered in conservation and breeding program in the south of china for these provenances possesses substantial genetic variation. In this circumstance, the results of provenances trials are expected to be useful in the selection of a suitable provenance for a particular environment.
Superior trees assembled in germplasm banks is the only source of ex situ conservation for C. equisetifolia. Clonal seed orchards have a good collection for static conservation. However, they represent only a fraction of total genetic variation present within the species. Seedling seed orchards can serve as dynamic ex situ conservation stands with sufficiently broad genetic base for a long breeding and conservation program. An appropriate number of superior plants (It was collected 30-50 in China) of each provenances should be considered for effective conservation of the total genetic variation. As in China, more families should be included for those superior provenances and high variation provenances of C. equisetifolia when considering ex situ conservation, however the Dongshan, Fujian provenance could be much less for it may not be a good base to be conserved and used in improvement programs. D. Q. ZHANG, J. ZENG are thanked for their kind help in the laboratory. Ms. X. H. ZHANG prepared the primers for this study. This trial is part of the 863 program (2002AA241091) supported by the Ministry of Science and Technology of the People's Republic of China, and supported by the national '11th five-year plan' forestry program_2006BAD01A1605_, also supported by the fund of native science of Guangdong province (06024658).
Introduction
Teak (Tectona grandis L.f.) is a high value tropical species acclaimed world over for its timber quality. Increased demand for timber and restrictions on felling from natural forests has prompted large scale planting of teak throughout the tropics (PANDEY and BROWN, 2000) . Large quantities of seed are required every year to establish new plantations. Clonal seed orchards (CSO) were planted in India and other countries for domesticating and breeding teak and produce genetically improved seed. The first seed orchard was established in India during 1962 and since then more than 1000 ha of CSOs have been planted in different parts of the country (KEDHARNATH and MATTHEWS, 1962; KATWAL, 2005) . Seed production and germination has been generally low in most of these orchards (INDIRA and BASHA, 1999; KJAER et al., 1999; MATHEW and VASUDEVA, 2003) . As a result, seed requirement for new plantations is met from seed production areas and existing plantations. Teak breeding programmes have not moved beyond the first generation clonal orchards.
Low seed production in teak orchards has prompted many studies on the reproductive behaviour of teak dur- 
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